Through routine and nested PCR amplifications, four complete genome sequences of porcine Torque teno virus (TTV) type II were obtained from swine herds. By comparison with the TTV genome sequences deposited in GenBank, we found the most divergent types so far described. The level of genetic diversity between these genomes is higher than would be expected within a single virus species. A nucleotide and amino acid phylogenetic tree was constructed.
T
orque teno virus (TTV) was first detected in pigs in 1999 (6) , and infection with it is considered to be ubiquitous in both healthy and diseased pig herds (1) (2) (3) (4) 9) and in pigs of all ages. The virus is a nonenveloped, circular, negative-sense, single-stranded DNA virus (5), and two genetically distinct species have been identified in pigs, Torque teno sus virus 1 (TTSuV1) and TTSuV2, which are currently grouped into the family Anelloviridae and the genus Iotatorquevirus (http://www.ncbi.nlm.nih.gov/ICTVdb/). Whether TTsuV2 is more closely related to the porcine circovirus type 2-associated diseases is still under debate (1, 7-9), mainly because of its ubiquitousness and because a limited number of complete sequences have been obtained.
In our study, four complete genome sequences of TTsuV2 were obtained from swine tissues and sera in southern China. Six sets of primers were designed to perform routine and nested PCR amplifications, and three fragments that cover the entire genome were cloned into the pMD18-T vector and subsequently sequenced. The Lasergene sequence analysis software package (DNASTAR Inc., Madison, WI) was used to compile and edit the sequence data. Multiple-sequence alignment was carried out by using ClustalW, a phylogenetic tree was constructed using MEGA 4, and an amino acid phylogenetic tree based on the sequences was also constructed.
The four sequences, three from Guangdong Province (accession no. JF937659, JF937658, and JF937657) and one from Fujian Province (accession no. JF937656), were 2,791, 2,781, 2,773, and 2,788 nucleotides in length, respectively. Though we found them to be similar in genome organization, the exact length of each open reading frame (ORF) varies greatly. They have three major ORFs, similar to the reference isolates, but each strain has a different ORF1 length; the longest is 1,884 bp, and the shortest is 1,872 bp. ORF2 of all of the isolates of TTsuV2 is 207 bp in length.
The length of ORF3 is variable; the longest is 603 bp, and the shortest is 561 bp. The hypervariable region is focused mainly in the middle of ORF1, and the untranslated region is relatively stable. The nucleotide sequence identities between the four TTsuV2 sequences obtained and the TTsuV2 sequences deposited in GenBank were 90.4 to 94.8%. In addition, the TTsuV2 nucleotide sequence identities were much higher than the amino acid sequence identities. Phylogenetic analysis showed that one of our isolated TTsuV2 sequences (JF937656) can be classified into subtype TTV2a on the basis of 86 to 96% nucleotide sequence identity, while the other three TTsuV2 sequence do not belong to any subtype.
Nucleotide sequence accession numbers. The complete genome sequences of the porcine TTV type II isolates described here have been deposited in GenBank under accession numbers JF937659, JF937658, JF937657, and JF937656.
